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THE QUANTITY AND COMPOSITION OF PHYTO
PLANKTON, PARTICULARLY CHLOROPHYTA, IN
LAKES OF DIFFERENT TROPHIC LEVELS
Riitta Mantere & Pertti Heinonen
MANTERE, R. & HEINONEN, P. 1982. The quantity and composition of
phytoplanktön, particularly Chlorophyta, in lakes of different trophic
leveis. Publications of the Water Research Institute, National Board of
Waters, Finland. No. 49.
The amount and species composition of phytoplankton, particularly
Chlorophyta, was investigated in different lake types. The level of green
algae was very high in cultural eutrophic lakcs, being as much as ten times
the corresponding level in natural eutrophic lakes. The species number of
green algae increased with increasing eutrophication. The best indicator
organisms for eutrophication were the green algae Kirchneriella contorta
(Schmidle) Bohlin, Micractinium pusillum Fres. and Pediastrum duplex
Meyen, P. Tetras (Ehrenb.) Ralfs. and P. boryanum (Turp.) Menegh. The
only green algal species indicative of oligotrophy vas Arthrodesmus incus
(Brb.) Hass.
Index words: Phytoplankton, Chlorophyta, cutrophication, indicator species.
1. INTRODUCTION
Investigation of the amount and species compo
sition of phytoplankton is one of the most fre
quently used biological methods in Finland for
monitoring water quality. In addition to total
biomass and species number, water quality
changes are reflected in the species distribution
of phytoplankton, sorne species preferring a
eutrophic and others an oligotrophic biotope.
A considerable number of quoticnts based on
these indicator species have previously been
published (Thunmark 1945, Nygaard 1949,
Järnefelt 1952, Järnefelt et al. 1963, Granberg
1973, Hörnström 1979, Heinonen 1980).
In addition to individual species, several
divisions have been shown to be collectively
associated with eutrophication. Blue—green algac
often cause blooming in hypereutrophic lakes
and several Chlorophyta-species have also been
reported to favour eutrophic water (Nygaard
1949, Järnefelt et al. 1963, Findenegg 1965,
WilIen 1976, Fleinonen 1980).
The growth of phytoplankton in Finnish
inland waters is limited by temperature, light
and paucity of nutrients, particularly phosphorus
(Järnefelt 1952, Heinonen 1972, Eloranta 1974,
Ilmavirta 1974). In addition to the total nutrient
concentrations, the effect of the originof nutri
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ents on primary productivity has also been the
object of study in recent years (Kauppi and
Niemi 1982).
The aim of this work was to investigate the
amount and species composition of phyto
plankton, in particular of green algae, in lakes
having different trophic states and nutrient
sources.
2. MATERIALS AND METHODS
Ali the sampies investigated in this work were
taken from the Vuoksi river basin in south-east
Finland (F = 61560 km2, L = 19.8 %). The
samples were taken in the summers of 1971
and 1977 once each in June, July and August.
In the processing of the data the sampies were
divided into four groups as foilows:
A Oligotrophic lakes 4 iakes 24 sampies
B Natural eutrophic lakes 4 lakes 18 sampies
C Cuitural eutrophic 3 lakes 2 1 samples
lakes
D Lakes with pulp mili 3 lakes 9 sampies
effluents
The nutrient assays were carried out from the
surface waters of the lakes at the same time as
the samplings. A summary of the nutrient data
is displayed in Table 1.
Table 1. Minimum, maximum and mean values of phos
phorus and nitrogen concentrations in the lakes investi
gated in the summers of 1971 and 1977.
Type of lake Total Total
phosphorus, nitrogen,
tgI1 zgl1
min. max. min. max. 5
6 15 10 300 450 356
40 110 67 800 1200 959
20 115 56 700 1450 1085
Oligotrophic
Natural eutrophic
Cultural eutrophic
Lakes with pulp
milleffluents 17 30 25 300 700 455
Phytoplankton was determined in the Water
Research Office of the Nationai Board of Waters
by the Utermöhi sechnique (Utermöhl 1958).
The individual phytoplankton results have been
published earlier (Mantere 1981), and the species
data are stored in the bioregister of the National
Board of Waters.
3. RESULTS
The means of the biomass and the species num
ber have been calculated from individual phyto
plankton sampies for the different types of lake
for each summer month separately (Table 2).
Means for the whole summer season were then
calculated from the monthly means. Simiiar
calculations were performed to obtain the means
of totai amount and species distribution of green
algae (Table 3).
In the prosessing of the data for green algae
the same methods were used to caicuiate means
of the species numbers of the Protococcales and
Desmidiales families (Table 4) and of the Scene
desmus and Pediastrum genera (Table 5).
The most frequently recorded green aigal
species and their observationai frequencies in
the different lake types are presented in Table 6.
4. DISCUSSION
4.1 The total amount and the species
number of phytoplankton
The total phytopiankton biomass was lowest in
the oligotrophic lakes, increasing considerabiy
in the natural eutrophic and cultural eutrophic
iakes. The mean total summer biomass in the
Table 2. The total amount and species number of phytoplankton in different lakes in June, July and August of the
years 1971 and 1977
Type of lake I3iomass, mg (fresh weight) Nurnber of species
June July August Mean June July August Mean
Oiigotrophic 0.63 0.33 0.43 0.46 42 45 64 50
Natural eutrophic 2.82 251 3.35 2.89 76 116 116 103
Cuitural eutrophic 3.04 4.55 3.52 3.70 89 99 109 99
Lakes with pulp miii effluents 0.49 0.32 1.14 0.65 58 63 79 67
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Table 3. The total amount and species number of green algae in different lakes in June, July and August of the years
1971 and 1977
Type of lake Biomass, mg 1 (fresh weight) Number of species
June July August Mean June July August Mean
Oiigotrophic 0.01 0.02 0.04 0.02 11 13 23 16
Natural eutrophic 0.04 0.08 0.06 0.06 20 42 44 35
Cuiturai eutrophic 0.44 0.59 0.57 0.53 39 48 52 46
Lakes with pulp miii effluents 0.01 0.02 0.02 0.02 14 14 31 20
Tabie 4. The species numbers of the families Protococcaies and Desmidiales in different lakes in June, July and
August of the years 1971 and 1977.
Type of lake Number of species
Protococcaies Desmidiales
June July August Mean June July August Mean
Oiigotrophic 6 8 12 9 1 2 6 3
Natural eutrophic 12 28 29 23 2 5 8 5
Cuiturai eutrophic 28 28 34 30 5 12 13 10
Lakes with puip miii effluents 10 8 17 12 1 3 8 4
Tabie 5. The species numbers of the genera Scenedesmus and Pediastrum in different iakes in June, Juiv and August
of the years 1971 and 1977.
Type of lake Number of species
Scenedesmus Pediastrum
June July August Mean June July August Mean
Oiigotrophic 1 1 2 2 0 0 0 0
Naturai eutrophic 3 6 5 5 1 3 3 2
Cuiturai eutrophic 6 6 6 6 3 4 4 4
Lakes with puip miii effiuents 3 3 3 3 0 1 1 1
natural eutrophic lakes was 2.89 and in the
culturai eutrophic lakes 3.70 mgf1. The
total nitrogen and phosphorus concentrations
in these two lake types were rather similar.
Nutrients entering the water body with mu
nicipal wastes are,however, present in a minerali
zed form more readily utiiizabie by phyto
piankton than the nitrogen and phosphorus
nutrients reaching the lake from natural sources.
The biomass in naturaliy oiigotrophic lakes
polluted by pulp miii effluents was cieariy
increased in comparison with unpoiiuted oli
gotrophic waters. The sampiing stations were
situated at some distance (5—12 km) from the
site of pollution, with the resuit that the aiready
mineralized waste waters caused considerabie
eutrophication (Eloranta 1972).
The species number of phytopiankton did not
aiways foiiow the increase in phytopiankton
biomass in the different lake types. The species
number was greatest in the natural eutrophic
iakes (mean 103 species per sampie), whereas
only 99 species per sampie were recorded in the
cuiturai eutrophic iakes with higher ieveis of
biomass. However, it is unlikely, at this ievel
of eutrophication, that these resuits reflect
structurai phytoplankton population resuiting
from eutrophication (Eioranta 1978, Heinonen
1980). More iikeiy the smaii difference in species
numbers represents random variation.
4.2 The total amount and the species
number of green algae
The totai biomass of green aigae was reiativeiy
iow in both oiigotrophic and natural eutrophic
iakes and also in the lakes receiving pulp miii
effluents. I-iigh ieveis of green aigal biomass
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Species
Ankistrodesmus convolutus Corda
A. falcatus (Corda) Ralfs.
A. falcatus v. mirabilis W. et G.S. West
v. setiformis Nygaard
v. spirilliformis West
Arthodesmus incus (Brb.) Hass
Chlamydomonas sp.
Closterium gracile Brb.
Coelastrum microporum Nägeli
Cosmarium abbreviatum Raciborski
Crugigenia guadrata Morren
C. tetrapedia (Kirchn.) W.et G.S. West
Dichtyosphaerium pulchellum Wood
Gloeocystis planctonica (West) Lemmermann
Kirchneriella contorta (Schmidle) Bohlin
Micractinum pusillum Fresenius
Pediastrum boryanym (Turp.) Meneghini
P. duplex Meyen
P. tetras (Ehrenb,) Ralfs.
Scenedesmus armatus Chod.
S. bicellularis Chod.
S. bijuga (Turp.) Lagerh.
Sphaerocystis schroeteri Chod.
Staurastrum congulum v. obesum Smith
Tetraedron minimum (A.Braun)Hansgirg.
Tetraspora lacustris Lemmermann
Percentage of sampies containting the species in
oligotrophic natural cultural
lakes eutrophic eutrophic
lakes lakes
75 75 50 92
70 71 57 50
50 50 33 67
67 100 76 75
17 75 17 58
25 0 0 0
21 92 75 33
17 50 67 17
8 18 71 50
17 9 33 42
29 42 42 42
46 63 57 83
46 71 71 33
25 63 46 33
0 67 42 0
0 75 38 17
0 33 70 42
0 54 68 33
4 63 71 25
42 100 90 83
46 96 92 100
21 63 76 17
63 67 71 67
25 54 43 33
38 25 50 42
30 54 39 33
were, however, recorded in the eultural eu
trophic lakes, in which the summer mean was
almost tenfold the corresponding biomass mean
in the natural eutrophic lakes. It is possible
that the high colour value of the water in natural
eutrophic lakes, resulting from the decompo
sition of organic humic material, can cause
reduction in the amount of green algae (Eloranta
1974), but a more likely explanation for the
differences in green aigal biomass between the
different eutrophic waters is the origin of nutri
ents. The considerable increase in green algae in
response to the mineralized nutrients of munici
pal waste waters implies that the monitoring of
these organisms could possibiy provide a means
of investigating the effects of municipal effluents
on recipient waters.
The species number of green algae increased
more than that of the total phytoplankton with
increase in biomass. In the oligotrophic waters
the mean species number of green algae was 16
per sample. With increase in nutrient concen
trations the mean species number increased to
its maximum of 46 species per sample in the
cultural eutrophic lakes.
The increase in the species number of green
algae with increasing eutrophication resulted
mainly from an increase in the number of species
of the family Protococcales (Järnefelt 1952,
Heinonen 1980), and to a lesser extent of the
family Desmidiales. The species number of the
latter farnily increased in the cultural eutrophic
lakes to twice the number recorded in the
natural eutrophic lakes.
Of the members of the Protococ äles family
both the Scenedesmus and Pediastrirn genera
were represented by several different pecies in
natural and, particuiarly, in culturai eutrophic
lakes. 1n oligotrophic lakes and lakes receiving
pulp miii effluents these genera were represented
only by a very few species and were totaily
absent from many sampies.
Tabie 6. The most frequently recorded green aigal species, with their frequency of observation, in the different
types of lakes in the summers of 1971 and 1977.
lakes with pulp
miii effluents
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4.3 Green aigal species
Of the representatives of the Protococcales fam
ily of green aigae the Ankistrodesmus species
A, convolutus Corda and A. faicatus (Corda)
Ralfs., with their variant forms, were encoun
tered in most of the sampies from both oli
gotrophic and eutrophic waters. Their presence
was not therefore an indicator of water quaiity.
According to Wiiln (1972) Ankistrodesmus
species are a very significant species in Sweden
in relatively oiigotrophic waters. However,
Järnefelt (1952) regarded ali Ankistrodesmus
species as more or iess indifferent, occurring
independentiy of the nutrient level of the water
body.
Kirchneriella contorta (Schmidie) Bohlin and
Micractinium pusiilum Fresenius, both of which
are according to Järnefelt et al. (1963) eutrophic
indicator species, were found very frequentiy in
sampies from naturai eiitrophic lakes. These
were frequently observed in cultural eutrophic
iakes, and were aimost totaily absent in oli
gotrophic lakes and in lakes receiving puip miii
effluents.
The Pediastrum species P. dupiex Meyen.
P. tetras (Ehrenb.) Raifs. and P. boryanum
(Turp.) Menegh. ali showed a clear preference for
eutrophic waters. These species are according to
Järnefelt et al. (1963) eutrophic indicator
species.
Of the Scenedesmus species, which are gener
aily accepted as indicating eutrophication (Järne
felt 1952, Bonthron-Willn 1969), S. armatus
Chod. and S. bicellularis Chod. were encountered
frequentiy in both oligotrophic and eutrophic
waters. The frequencies of occurrence of these
organisms were however considerabiy smaller in
the sampies from oiigotrophic waters than in the
eutrophic sampies.
The oniy green aigal species cieariy indicative
of an oiigotrophic tendency was Arthrodesmus
incus (Brb.) Hass., a representative of the
Desmidiales family. This species was aiso classi
fied by Järnefelt et al. (1963) as an oiigotrophic
indicator species.
5. SUMMARY
In this investigation the amount and species
composition of phytopiankton, in particuiar of
green aigae, was examined in oiigotrophic, natu
ral eutrophic and culturai eutrophic iakes and
aiso in lakes receiving pulp miii effiuents.
The totai amount of phytoplankton biomass
was Iowest in the oligptrophic and highest in
the culturai eutrophic lakes. The species number
of phytoplankton was aiso lowest in the oli
gotrophic lakes. In naturai and cultural eutrophic
lakes the species numbers were almost those in
the oligotrophic lakes.
The amount of green algae was very high in
the cuitural eutrophic iakes, in which the mean
summer biomass was about ten times higher
than in the natural eutrophic lakes. The species
number of green algae increased with increasing
nutrient concentrations. Species numbers of the
Protococcales and Desmidiales families increased
with the extent of eutrophication. In particular,
the genera Scenedesmus and Pediastrum were
represented by high species numbers in the
eutrophic waters.
The foiiowing green aigal species were found
aimost exclusively in the naturai and cultural
eutrophic iakes: Kirchnerieiia contorta(Schmidle)
Bohlin, Micractinium pusillum Fres., Pediastrum
dupiex Meyen, P. tetras (Ehrenb.) Raifs. and
P. boryanum (Turp.) Menegh. The oniy green
aigal species indicating an oiigotrophic tendency
was Arthrodesmus incus (Brb.) Hass.
LOPPUTIIVISTELMA
Tutkimuksessa seivitettiin kasviplanktonin, eri
tyisesti viherlevien määriä ja lajikoostumusta eri
laisissa vesistöissä.
Kasvipianktonin kokonaismäärä oli pienin
oiigotrofisissa ja suurin kuittuurieutrofisissa
järvissä. Oligotrofisissa järvissä iajimäärä oli vain
puolet luonnon eutrofisissa ja kulttuurieutrofi
sissa järvissä havaituista määristä.
Viherlevien määrä oli hyvin korkea kulttuuri
eutrofisissa järvissä, jopa kymmenkertainen ver
rattuna luonnon rehevissä järvissä analysoituihin
arvoihin. Viherlevien lajimäärät kasvoivat ravin
nepitoisuuden funktiona, samoin Protococcales
ja Desmidiales sukujen lajimäärät. Varsinkin
Scenedesmus- ja Pediastrum-lajien määrät olivat
korkeita eutrofisissa vesissä.
Seuraaviaviherlevälajejavoidaan pitää eutrofian
ilmentäjinä: Kirchneriella contorta (Schmidle)
Bohlin, Micractinium pusilium Fres., Pediastrum
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duplex Meyen, P. tetras (Ehrenb.) Ralfs. ja L
boryanum (Turp.) Menegh. Viherlevistä vain
Arthodesmus incus (Brb.) Hass. indikoi oligo
trofiaa.
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